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(57) ABSTRACT 

To permit remote programming of implantable cardiac 
stimulation devices such as pacemakers, a central device 
programmer is provided in conjunction with a network of 
remote telemetry units for use in patient homes or in remote 
clinics. To reprogram a device implanted within a patient, a 
physician enters programming commands within the central 
programmer which relays the programming commands to a 
remote telemetry unit in proximity to the patient. The remote 
telemetry unit, in turn, forwards the programming com- 
mands to the implanted device. In this manner, the patient 
need not return to the physician for reprogramming of the 
device. Remote telemetry units may be provided within 
patient homes, clinics, hospital emergency rooms, hospital 
patient rooms, and the like. Depending upon the 
implementation, different levels of programmability may be 
permitted depending upon the degree of supervision of the 
patient. For an unsupervised patient, limited programmabil- 
ity is permitted. For a nurse-supervised patient, a greater 
degree of programmability is permitted. Finally, for a 
physician-supervised patient, a full range of programmabil- 
ity is permitted. In a specific example described herein, each 
remote telemetry unit includes minimal hardware and soft- 
ware components necessary to relay programming 
commands, diagnostic information, and other signals 
between the central programmer and the implanted device. 

32 Claims, 5 Drawing Sheets 
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SYSTEM AND METHOD FOR REMOTE 
PROGRAMMING OF IMPLANTABLE 
CARDIAC STIMULATION DEVICES 

FIELD OF THE INVENTION 

The invention generally relates to external programmers 
for use with implantable cardiac stimulation devices and to 
methods for programming implantable cardiac stimulation 
devices. 

BACKGROUND OF THE INVENTION 

A wide range of implantable cardiac stimulation devices 
are provided for surgical implantation into humans or ani- 
mals. One common example is the cardiac pacemaker. 
Another is the implantable cardioverter defibrillator (ICD). 
Other examples include devices for stimulating or sensing 
portions of the brain, spinal cord, muscles, bones, nerves, 
glands or other body organs or tissues. Another example is 
an implantable drug pump. 

Implantable cardiac stimulation devices, particularly 
pacemakers, are often configured to be used in conjunction 
with an programmer which allows a physician to program 
the operation of the device to, for example, control the 
specific parameters by which the device detects arrhythmia 
conditions and responds thereto. For instance, the program- 
mer may allow the physician to specify the sensitivity with 
which the device senses electrical signals within the heart 
and to further specify the amount of electrical energy to be 
employed for pacing the heart in circumstances where 
expected heart signals are not sensed. Additionally, the 
programmer may be configured to receive and display a 
wide variety of diagnostic information detected by the 
device, such as graphs of electrical heart signals sensed by 
the device and responsive pacing signals. Also, the program- 
mer may operate to analyze the data received from the 
device to assist the physician in rendering diagnoses as to 
possible arrhythmias and to assist the physician in program- 
ming the device to provide appropriate therapy. 

Current state of the art implantable cardiac stimulation 
devices may have dozens or hundreds of programmable 
parameters that can be individually programmed using the 
external programmer. The programmable parameters permit 
the operation of the cardiac stimulation device to be tailored 
to the needs of the particular patient to provide optimal 
therapy while minimizing the risk of any unnecessary 
therapy. Unfortunately, it is often difficult to predict what the 
resultant operation will be for any given patient with any 
selected set of parameter settings. Hence, a potentially 
viable set of parameters is chosen by the physician, the 
implantable cardiac stimulation device is programmed using 
the selected set of parameters, and then the patient is sent 
home. Weeks or months later the patient must return to the 
physician's office for a follow-up appointment so that they 
physician may evaluate the results of the selected param- 
eters. Typically, the follow-up evaluation consists of the 
physician making judgments based upon observing several 
characteristics of the patient and of the implanted cardiac 
stimulation device. If the device is a pacemaker, the physi- 
cian typically reviews intracardiac electrogram (IEGM) data 
recorded by the cardiac stimulation device and also reviews 
information pertaining to the present operating status of the 
device via telemetric interrogation of diagnostic data stored 
within the device. The diagnostic data may, for example, 
specify the operation of the device over a prior recording 
period, such as over the last few weeks or months. Specific 
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types of diagnostic information that may be provided 
includes information identifying the percentage of paced 
versus sensed beats, heart rate histograms, sensor rate 
histograms, etc. Additional diagnostic information specifies 

5 the battery voltage, lead impedance, etc. of the device. The 
physician collates the information and makes adjustments to 
the programming of the device. Again, the patient is sent 
home for several more weeks or months until another 
follow-up visit. This cycle may be repeated numerous times 

10 before optimal device settings are determined by the phy- 
sician. 

As can be appreciated, it would be highly desirable to 
limit the need for patients to return to the physician for 
follow-up sessions, to thereby reduce the cost and inconve- 

15 nience to the patient and to permit the physician to devote a 
greater amount of time to the more urgent needs of other 
patients. One solution that has been proposed is to provide 
the patient with a telemetry device for receiving program- 
ming commands via telephone from a programmer main- 

20 tained by the physician and for relaying programming 
commands to the implantable cardiac stimulation device 
within the patient via remote telemetry. In this manner, the 
physician can reprogram the implantable cardiac stimulation 
device without requiring the patient to return to the physi- 

25 cian's office. 

One concern with the proposed system is that, if the 
remote device is operated only under the control of the 
patient, incomplete or improper programming of the 
implanted device may occur. In this regard, patients with 

30 implanted cardiac stimulation devices are often elderly and, 
in at least some cases, are not able to reliably position a 
hand-held telemetry unit of the remote device in proximity 
to the implanted device throughout an entire reprogramming 
session. As a result, only a portion of reprogramming 

35 commands transmitted from a central programmer may be 
received by the implanted device, possibly resulting in 
improper programming of the device. Depending upon the 
parameters being reprogrammed, the improper reprogram- 
ming may result in significant changes in the operation of the 

40 implanted device, perhaps resulting in a loss of conscious- 
ness of the patient. As can be appreciated, if the patient is at 
home and unattended by a nurse or physician, it may be 
necessary to send an ambulance to the home of the patient 
to revive the patient. However, if the remote programming 

45 device is installed within a nursing clinic, hospital emer- 
gency room, or the like, where the remote programming unit 
may be operated under the control of a nurse or other 
medical professional, the aforementioned concerns are not 
an issue. Accordingly, it would be highly desirable to 

so provide a remote programming system which controls the 
type of reprogramming permitted using a remote program- 
ming device based upon the degree of supervision of the 
patient and it is to that end that aspects of the invention are 
directed. 

55 Another concern with the proposed remote programming 
system is that the cost of the remote unit may be quite high, 
thus discouraging physicians from providing the remote 
programmers to their patients or discouraging insurance 
companies from paying for the remote programmers. For 

60 example, one specific proposed remote programming system 
for use by an patient (discussed in U.S. Pat. No. 5,752,976) 
includes a wireless or cellular telephone and a geosynchro- 
nous positioning system (GPS) transceiver. The wireless or 
cellular telephone permits the patient to converse with the 

65 physician and also to receive and transmit programming 
commands, diagnostic information and the like. The GPS 
system permits the location of the patient to be determined, 
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particularly if the patient is unable to respond to telephonic lowing more particular description thereof, presented in 

requests by the physician. Although the system permits conjunction with the following drawings wherein: 
remote reprogramming of the implantable cardiac stimula- FIG. 1 is a functional block diagram of a dual-chamber 

tion device, the inclusion of a wireless telephone and GPS implantable stimulation device illustrating the basic ele- 

system may render the remote system quite expensive, and 5 ments of a stimulation device which can pr0 vide 

thereby only appropriate for certain high risk patients. cardioversiorjj defibrillation and pacing stimulation in accor- 
Accordingly, it also would be desirable to provide an remote exemplary embodiment of the invention; 

programming system which is relatively inexpensive to r J * 

thereby permit most or all patients to receive the benefits of FIG - 2 & a block diagram of a central programmer and a 

remote programming and it is to this end that others aspects distributed network of remote telemetry units for use in 

of the invention are directed. programming implantable cardiac stimulation devices of the 

SUMMARY OF THE INVENTION type illustrated in FIG. 1. 

. . . . . . , r FIG. 3 is a first portion of a flow chart illustrating a 

In accordance with the invention, a system is provided tor _ n a r . w „„r , , # . M „*„„i „ 

- . . ' ./ j • t • i.. sequence or steps performed by the central programmer, 
remote programming of an implantable cardiac stimulation * * i ♦ •* a i * a a • e 

device implanted within a patient. The system includes a is remote ^lemetry unit, and .mplanted device for use in 

central programmer device operative to generate and trans- programming the implanted device using the system of FIG. 
mit programming signals for use in programming a stimu- 

lation device implanted within a patient. The programming FIG- 4 is a second portion of the flow chart of FIG. 3 

signals are generated, in part, based upon a degree of direct illustrating additional steps performed by the central 

medical supervision of the patient during programming of 20 programmer, remote telemetry unit, and implanted device, 
the device. A remote programmer device is provided for use FIG. 5 illustrates an alternative implementation of the 

in proximity to the patient a remote programmer device. The remote telemetry unit of FIG. 2 wherein the remote unit is 

remote programmer device is operative to receive and relay configured to also function as a Holter monitor, 
the programming signals transmitted by the central program- 
mer device to the stimulation device of the patient to 25 DETAILED DESCRIPTION OF THE 
program the stimulation device with the programming sig- PREFERRED EMBODIMENTS 

na ^' The invention relates to improved techniques for pro- 
In an exemplary embodiment, the implantable cardiac gra mming implantable medical devices. The invention will 
stimulation device is a pacemaker or ICD. The degree of be described primarily with reference to a pacemaker used 
supervision is either supervised or unsupervised. If 30 in ^^^^0 with an ex t enia l programmer device, but 
unsupervised, remote programming of only non-life- principles of the invention are applicable to other implant- 
threatening functions is permitted, such as programming of able me dical devices such as ICDs and to other external 
diagnostic functions, sleep mode functions, and the like. control devices as well. 

Programming of other functions, such as sensitivity r „ . , . 4 . . c 4 , , „ , 4l 

to 4 te . , 4 . , . t4 , /- „ The following description is of the best mode presently 

parameters, pacing mode parameters, is not permitted or, it 35 * . r . . r . . J 

r c • contemplated for practicmg the invention. This description 

permitted, is restricted to particular ranges of programming . . * . • ,• * . ■ < , c 

r . T ' 4 . , . * j i_ c if c is not to be taken in a limiting sense but is made merely for 

values. If the patient is supervised, however, a full range 01 t , c , ... *? .... / . 

r « 1 . ■„ j rx j tne purpose or describing the general principles of the 

programming parameters and values is permitted. Depend- . r . ^ r*i_ * T* L u i_ . • j 

. a .. . 1 , . , . . « . . r*i_ j c invention. The scope of the invention should be ascertained 

mg upon the implementation, the indication 01 the degree 01 ... r . J ■ . 1 • T * L j • r. L 

& . . ^ „ . j • * *l ,1 ^ with reference to the issued claims. In the description of the 

supervision may be manually entered into the central pro- 40 . . t _ n ... , c * 

r . . J , . . J „ , . . j, invention that follows, like numerals or reference designa- 

grammer by the physician or automatically determined by , , 4 - 4 ,.. , t ^ . 

& . v . j . A m*. 4 . 11 1 r -• tors will be used to refer to like parts or elements throughout, 
querying the remote device. Additional levels of supervision . , r 

maybe accommodated as well, such as physician- J In * lG < a simplified block diagram is shown of a 

supervised, nurse -supervised or unsupervised. By control- dual-chamber implantable stimulation device 10 which is 

ling the generation of programming signals based on the 45 ca P abIe of treatm S both fast ™ d slow arrhythmias with 

degree of supervision of the patient, the risk of improper or stimulation therapy, including cardioversion, defibrillation, 

incomplete programming of critical parameters of the a " d pacing stimulation. While a dual-chamber device is 

implanted device is substantially avoided. shown > thls 15 for illustration purposes only, and one of skill 

Also, in the exemplary embodiment, the remote program- in ^ art could ^ eHm j nat ^ or u disable th f a PP™P™* 

mer device includes only those components necessary to so circuitry to provide a smgle-chamber stimulation device 

relay programming signals and diagnostic information f a ? able °5 treatm * one f amber Wltt 'cardioversion, defibril- 

between the central programming device and the implant- latl0n and pacing stimulation or to add or enable appropriate 

,! 1 • *• 1 *• j ■ * * a circuitry to provide a multiple chamber stimulation device 

able cardiac stimulation device such that the costs associated , . . « . . r , . 

... 4 . . . . -i capable of treating all four chambers of the heart or other- 

with the remote programmer device are minimal. " .it *. 1 • 1 1 it 

r 7 , , cc wise capable of treating multiple sites about the heart. 

In another exemplary embodiment, the remote program- " _ , , . , , . . , . 

mer additionaUy includes a Holter monitor for detecting and u To P' 0 ^ 6 at " al cha ^ er pa _ ang st ™ u }' tloa » nd XDSm ^ 

recording surface electrocardiogram (ECG) signals. The *e stimulahon device 10 .s shown in electrical commuru- 

remote device additionally includes a modular memory unit catl0 , n 1 W1 j th ,„ a P atient s heart , 12 b y wa y of an ™Plantable 

for storing the recorded signals. The modular memory unit atnal 1 ' ad ™ ha ™S ™ atnal h P ^ ectrode 22 t and an atrial 

also stores control software for controlling the operations of « rmg electrode 24 which typically « implanted in the 

the remote programmer permitting the remote programmer patient s atria appen age. 

to be easily upgraded to operate in conjunction new or ^ stimulation device 10 is also shown in electrical 

modified implanted devices. communication with the patient's heart 12 by way of an 

implantable ventricular lead 30 having, in this embodiment, 

BRIEF DESCRIPTION OF THE DRAWINGS 65 , venlricular tip electrode 32, a ventricular ring electrode34, 

The above and other aspects, features and advantages of a right ventricular (RV) coil electrode 36, and an SVC coil 

the present invention will be more apparent from the fol- electrode 38. Typically, the ventricular lead 30 is trans- 
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venously inserted into the heart 12 so as to place the RV coil 30, respectively, through the switch bank 74 for detecting the 

electrode 36 in the right ventricular apex, and the SVC coil presence of cardiac activity. The switch bank 74 determines 

electrode 38 in the superior vena cava. Accordingly, the the "sensing polarity" of the cardiac signal by selectively 

ventricular lead 30 is capable of receiving cardiac signals, closing the appropriate switches, as is also known in the art. 

and delivering stimulation in the form of pacing and shock 5 i n this way, the clinician may program the sensing polarity 

therapy to the right ventricle. independent of the stimulation polarity. 

While only two leads are shown in FIG. 1, it is to be £ach ^ w %2 ^ g4 ferabl x a low 

understood that additional stimulation leads (with one or am ^ mmab £ ^ ad / uste d by micro- 

more pacing, sensing and/or shocking electrodes) may be 4 « • • * i • i %t j 00 i 

i . j . az • *i j a ?• i j • controller 60 via gain control signals 86 and 88, respectively, 

used in order to efficiently and effectively provide pacing 1fl ... . & . ~ , , , J \ 

, 4 . . , - . , 4 /. \ j ■ 10 and/or with automatic gam control, band pass filtering, and 

stimulation to the left side of the heart or atrial cardioversion tl _ , , 4 4 . • . 4 , ■ ^ . i i 

i y , . n . ~ , i j j • , c a threshold detection circuit, known in the art, to selectively 

and/or defibrillation. For example, a lead designed for 4 , . ' . t 4 4 . / 

, , . tL . r . i j u ■ i * j sense the cardiac signal of interest. The automatic gain 

placement in the coronary sinus region could be implanted , . t , f . , , L , L 

f , ,. • » • 1 T i ■ ,u j/ control enables the device 10 to deal effectively with the 

to deliver left atrial pacing, atrial shocking therapy, and/or . U1 - . . _ / 

c , * ■ i . V i difficult problem of sensing the low frequency, low amph- 

f or left ventricular pacing stimulation. « j • i u * • *• * * -n 

rr, . - /. . . „ v r . • , - 15 tude signal characteristics of ventricular fibrillation. 

The housing 40 (shown schematically) for the stimulation m . , 

device 10 includes a connector (not shown) having an atrial ™« °^ uts of the ^ a ? d ^"cu^ sense amplifiers, 

pin terminal 42 and an atrial ring terminal 44, which are 82 and84 ' a . re connected to the microcontroller 60 which, in 

adapted for connection to the atrial tip electrode 22 and the lurn > inhibit the or time atrial and ventricular pulse 

atrial ring electrode 24, respectively. Tlie housing 40 further 20 gators, 70 and 72, respectively, in a demand fashion 

includes a ventricular pin terminal 52, a ventricular ring whenever cardiac activity is sensed in the respective cham- 

terminal 54, a ventricular shocking terminal 56, and an SVC b L ers - Fc * ■nhythmu detection, the present device utilizes 

shocking terminal 58, which are adapted for connection to the atnal and utricular sense amplifiers, 82 and 84, to 

the ventricular tip electrode 32, the ventricular ring electrode ^ nse f ardlac S1 § nals t0 *tenniw whether a rhythm is 

34, the RV coil electrode 36, and the SVC coil electrode 38, „ P»»yswlo»c or pathologic. As used herein "sensing" is 

respectively. The housing 40 (often referred to as the "can", r6 f erved for . me notin 8 of an dectacal depolarization, and 

"case" or "case electrode") may be programmably selected detection is the processing of these sensed depolarization 

to act as the return electrode, or anode, alone or in combi- s, S nals and notln g. the presence of a normal rhythm of an 

nation with one of the various coil electrodes. For Mrhvthmia. The timing intervals between sensed events 

convenience, the names of the electrodes are shown next to 30 ( e g;> the . p - p > P ' R ' RR and RR nervals) are then classified 

the terminals ^ microcontroller 60 by comparing them to a predefined 

.... c .u i j - m • rate zone limit (i.e., bradycardia, normal, low rate VT, high 

At the core of the stimulation device 10 is a program- ,„ ./.,.'. 1 ' ' . . ' 

, ,„ ,. . . , ,. • j rate VT, and fibrillation rate zones) and various other char- 

mable microcontroller 60 which controls the various modes ■ ■ , , , , ... .... 

of stimulation therapy. As is well known in the art, the ^nstics (e g., sudden onset, stability, physiologic sensors 

* n *n * i j • • i * an " morphology, etc.) in order to determine the type of 

microcontroller 60 includes a microprocessor, or equivalent 35 , , • , , / , y . 

control circuitry, designed specifically for controlling the remC f dia , 1 ther ?Py that 15 ne ^ ded ^ P*™g, 

delivery of stimulation therapy and may further include anti-tachycardia pacing, cardioversion shocks or defibruUa- 

RAM and/or ROM memory, logic and timing circuitry, state llon shocks ' also known as tiered lhera P^ > 
machine circuitry, and I/O circuitry. Typically, the micro- Cardiac signals are also applied to the mputs of an analog 
controller 60 includes the ability to process or monitor input 40 to di ^ tal data acquisition system 90. The data acqui- 
signals (data) as controlled by a program code stored in a sition s y ste m 50 is configured to acquire intracardiac elec- 
designated block of memory. The details of the design and trogram signals, convert the raw analog data into a digital 
operation of the microcontroller 60 are not critical to the si 8 nal > and store the di § ital si g nals for later processing 
present invention. Rather, any suitable microcontroller 60 and /° r telemetric transmission to an external device 102. 
may be used that carries out the functions described herein. 45 ^ data acquisition system 90 is coupled to the atrial and 
The use of microprocessor-based control circuits for per- ventricular leads, 20 and 30, through the switch bank 74 to 
forming timing and data analysis functions is well known in sample cardiac signals across any pair of desired electrodes, 
the art. As shown in FIG. 1, an atrial pulse generator 70 and The microcontroller 60 is further coupled to a memory 94 
a ventricular pulse generator 72 generate pacing stimulation by a suitable data/address bus 96, wherein the program- 
pulses for delivery by the atrial lead 20 and the ventricular 50 mable operating parameters used by the microcontroller 60 
lead 30, respectively, via a switch bank 74. The pulse are stored and modified, as required, in order to customize 
generators, 70 and 72, are controlled by the microcontroller the operation of the stimulation device 10 to suit the needs 
60 via appropriate control signals, 76 and 78, respectively, of a particular patient. Such operating parameters define, for 
to trigger or inhibit the stimulation pulses. The microcon- example, pacing pulse amplitude, pulse duration, electrode 
troller 60 further includes timing circuitry that controls the 55 polarity, rate, sensitivity, automatic features, arrhythmia 
operation of the stimulation device timing of such stimula- detection criteria, and the amplitude, wave shape and vector 
tion pulses, that is well known in the art. of each shocking pulse to be delivered to the patient's heart 

The switch bank 74 includes a plurality of switches for 12 within each respective tier of therapy, 

switchably connecting the desired electrodes to the appro- Advantageously, the operating parameters of the implant- 

priate I/O circuits, thereby providing complete electrode 60 able device 10 may be non-invasively programmed into the 

programmability. Accordingly, the switch bank 74, in memory 94 through a telemetry circuit 100 in telemetric 

response to a control signal 80 from the microcontroller 60, communication with an external device 102, such as a 

determines the polarity of the stimulation pulses (e.g., uni- programmer, transtelephonic transceiver, or a diagnostic 

polar or bipolar) by selectively closing the appropriate system analyzer. The telemetry circuit 100 is activated by 

combination of switches (not shown) as is known in the art. 65 the microcontroller by a control signal 106. The telemetry 

An atrial sense amplifier 82 and a ventricular sense amplifier circuit 100 advantageously allows intracardiac electrograms 

84 are also coupled to the atrial and ventricular leads 20 and and status information relating to the operation of the device 
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10 (as contained in the microcontroller 60 or memory 94) to relaying diagnostic information and programming acknowl- 

be sent to the external device 102 through the established edgement signals from the implanted device to the central 

communication link 104 programmer, and for performing related functions such as 

In the preferred embodiment, the stimulation device 10 err ° r . and J*™™ "^'J^ ?~ "'Tjfc 

further includes a physiologic sensor 110. Such sensors are 5 each remote te emetry unit includes a CODEC or other 

, • ,. „ , . , . appropriate electronics for interfacing with a telephone line, 

commonly called "rate-responsive sensors. The pbys.ologi- antenna for ositionin | in proximity t0 the 

cal sensor 110 is used to detect the exercise state of the ; lanted devi and a di ita j si al processor (dsp) for 

patient, to which the microcontroUer 60 responds by adjust- si s ^ na]s transmitted between the central progranl . 

ing the rate and AV Delay at which me atrial and ventricular ^ ^ ^ ^ rf device ^ ^ CQDEC ^ antema 

pulse generators, 70 and 72, generate sUmulahon pulses. The io ^ ^ ^ ^ minimal ^ interface 

typeofsensorusedisnotcnticaltothepresentinventionand c ents> such as sim le u hts or buzzers for notif ^ 

is shown only for completeness. ^ ^ ^ fof example> ^^^3^ has been 

The stimulation device additionally includes a battery 114 established, 

which provides operating power to all of the circuits shown Tfae programmer is ins talled within a central data 

in FIG. 1. For the stimulation device 10, which employs collection ^nta or ^thin a physician office, such as the 

shocking therapy, the battery must be capable of operating office of a cardiologist supervising the programming of 

at low current drains for long periods of time, and then, if the i mp lanted devices within numerous patients. The remote 

device is an ICD, must also be capable of providing high- telemetry units are i^^ed within locations permitting ease 

current pulses (for capacitor charging) when the patient 0 f aC cess by patients with implanted devices. The telemetry 

requires a shock pulse. The battery 114 must also have a Uflits may be provided within me indi vidual homes of the 

predictable discharge characteristic so that elective replace- tQ permit reprogramming of the implanted device 

ment time can be detected. Accordingly, the device employs under the supervision of the physician without requiring the 

lithium/silver vanadium oxide batteries, as is true for most patient tQ ^ a physiciaa or the p hysiciaQ t0 visit the 

(if not all) such ICD devices to date. ^ patiem Xelemetry units are also installed within clinics, 

It is the primary function of the invention to function as mobile or otherwise, as may be found in remote areas not 

an implantable cardioverter/defibrillator (ICD) device. That frequently visited by cardiologists or others expert in the 

is, it must detect the occurrence of an arrhythmia, and programming of implanted devices. Still other telemetry 

automatically apply an appropriate electrical shock therapy un i ts are installed within hospitals, particularly within emer- 

to the heart aimed at terminating the detected arrhythmia. To 3Q gency rooms, to permit convenient reprogramming of 

this end, the microcontroller 60 further controls a shocking implanted devices in emergency situations, as may be 

circuit 130 by way of a control signal 132. The shocking required if operation of the device is triggering an arrhyth- 

circuit 130 generates shocking pulses of low (up to 0.5 m i a within a patient such as a pacemaker mediated tachy- 

Joules), moderate (0.5-10 Joules), or high energy (11 to 40 card i a (PMT). Telemetry units may be provided within 

Joules), as controlled by the microcontroller 60. Such shock- 35 senior citizen homes for use with patients therein having 

ing pulses are applied to the patient's heart through at least implanted devices. Within hospitals, the telemetry units may 

two shocking electrodes, and as shown in this embodiment, a is 0 be provided within the individual rooms of patients 

using the RV and SVC coil electrodes, 36 and 38, respec- having implanted devices. Still other telemetry units may be 

tively. In alternative embodiments, the housing 40 may act provided within public locations, such as within airports, 

as an active electrode in combination with the RV electrode 4Q po ii ce stations, or the like to permit convenient reprogram- 

36 alone, or as part of a split electrical vector using the SVC mm g Q f devices, again particularly in emergency situations, 

coil electrode 38 (i.e., using the RV electrode as common). Still other appropriate locations for the installation of remote 

Cardioversion shocks are generally considered to be of telemetry units include any medical facilities within prisons, 

low to moderate energy level, are synchronized with an schools, public transportation facilities, and the like. 

R-wave, and pertain to the treatment of an atrial arrhythmia. 45 In the specific implementation of FIG. 2, the central 

Defibrillation shocks are generally of moderate to high programmer communicates with the remote telemetry unit 

energy level (i.e., corresponding to thresholds in the range of via the public switched telephone network (PSTN) or other 

5-40 Joules), delivered asynchronously (since R-waves may land line communication link, such as Tl line, ISDN line, or 

be too disorganized), and pertaining exclusively to the the like. Alternatively, individual telemetry units may be 

treatment of ventricular arrhythmia. Accordingly, the micro- 50 provided for use or in connection with wireless communi- 

controller 60 is capable of controlling the synchronous or cation devices to permit the central programmer to commu- 

asynchronous delivery of the shocking pulses. nicate with the telemetry unit via satellite based wireless 

FIG. 2 illustrates a system for programming an implanted communication systems or cellular telephone systems or the 
cardiac stimulation device such as the device of FIG. 1. A like. Preferably, however, communication is provided 
central programmer 200 is provided for use with a distrib- 55 through a conventional PSTN to reduce the overall cost of 
uted network of remote telemetry units 202 installed within the telemetry unit. In still other implementations, the indi- 
hospitals, clinics, or patient homes. The central programmer vidual telemetry units communicate with the central pro- 
is a full-function programming unit capable of programming grammer via the Internet or other interconnected computer 
all functions of the implanted cardiac stimulation device and network. 

capable of displaying diagnostic information received from 60 Thus, the remote telemetry unit may be installed in a wide 

the implanted device. The central programmer may be a variety of locations. As will be described more fully below, 

dedicated programmer unit or a personal computer (PC) the degree of programmability achieved through the remote 

provided with necessary software and hardware for perform- telemetry unit depends upon the degree of supervision of the 

ing implanted device programming functions. The remote patient. Briefly, for telemetry units installed within locations 

telemetry units are preferably provided with only sufficient 65 under the control of nurses or other medical professionals, a 

hardware and software to relay programming commands high degree of programmability is permitted. For remote 

from the central programmer to an implanted device, for telemetry units installed within patient homes or other 
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locations wherein no medical professional is available to munication link. The quality of the communication link may 
assist the patient during reprogramming, only limited repro- be automatically determined by transmitting signals at dif- 
gramming is provided. For telemetry units installed within ferent communication rates between the central programmer 
clinics operated under the supervision of a nurse, an inter- and the remote unit to determine the highest data transfer- 
mediate degree of programmability is permitted. For telem- 5 ence rate which can be reliably sustained, 
etry units connected directly to the central programmer for Once communication has been established between the 
use by the physician or other highly trained medical central programmer and the remote unit, the physician, who 
professional, a full and unrestricted range of programmabil- is simultaneously in contact with the nurse or patient via the 
ity is provided. Thus, three general tiers of programmability telephone, instructs the nurse or patient to place the antenna 
are provided. However, in other implementations, more or 10 of the remote unit over the implanted device to thereby 
fewer tiers or programmability may be employed. Generally, permit establishing a communication link between the 
in circumstances wherein the patient is under no direct implanted device and the remote unit, step 306. Additionally, 
medical supervision, programming is restricted to only signals are forwarded to the central programmer directly 
certain functions which may affect diagnostics and other informing the physician that the link has been established. 
non-"life threatening" functions, such as functions pertain- 15 To permit the physician to converse with the patient or nurse 
ing to the reprogramming of diagnostics, sleep mode, rate via telephone while the central programmer is telephonically 
responsive programming parameters, and the like. Repro- connected to the remote programmer, the remote program- 
gramming of any parameters which may potentially have f mer is provided with two telephone jacks, one for connect- 
significant adverse affects on the health of the patient, such ing the remote programmer to the PSTN and the other for 
as reprogramming of sensitivity or pacing mode, are pref- 2 o connecting the remote programmer to a telephone. Electron- 
erably restricted to circumstances wherein the patient is ics within the remote programmer detects whether or not the 
under the direct supervision of a nurse or physician who can telephone is on-hook or off- hook and, if off-hook, routes 
ensure that the remote telemetry unit is properly used to voice telephone signals from the physician operating the 
ensure proper reprogramming of the device and who can central programmer to the telephone of the patient to permit 
respond to any serious medical condition that may occur 2 s tne physician to converse with the patient and vice versa, 
during or subsequent to reprogramming. As can be When the Electronics detects the telephone on-hook, the 
appreciated, in circumstances wherein the patient is under no remote programmer routes signals received from the central 
supervision, such as within the home of the patient, the programmer to the telemetry unit for transmission to the 
patient may not properly hold the antenna of the telemetry implanted device. In this manner, only a single telephone 
unit in close proximity to the implanted device at all times 30 line is required to permit both telephone conversations 
during the programming session, resulting in incomplete or between the nurse or patient and the physician and to permit 
improper reprogramming of certain functions. Thus, for signal transmissions between the central programmer and 
example, if the sensitivity by which the implanted device the remote programmer. 

detects intrinsic heart signals is incorrectly reprogrammed, At step 307, the central programmer inputs the degree of 

the device may then fail to detect a natural sinus rhythm of 35 supervision of the patient to permit the programmer to set 

the heart and instead administer disruptive pacing pulses, the programming mode, i.e., the degree of programmability 

perhaps triggering a tachyarrhythmia. Alternatively, the sen- at step 308. Depending upon the implementation, the loca- 

sitivity may be set such that random electrical noise within tion of the remote telemetry unit may be input directly by the 

the heart is detected and misidentifled as sensed beats, physician from a list of locations such as: "physician- 

although the heart may have stopped beating on its own, 40 supervised"; "nurse-supervised"; "unsupervised." 

resulting in a failure to administer pacing pulses. Alternatively, the location of the remote telemetry unit may 

In FIG. 3, a flow chart is shown describing an overview be automatically detected subsequent to establishing a com- 

of the operation and novel features implemented in one munication link with the device. To this end, each remote 

embodiment of the device 10. In this flow chart, and the telemetry unit is provided with an internal serial number or 

other flow charts described herein, the various algorithmic 45 other designation from which the programmer determines 

steps are summarized in individual "blocks". Such blocks the general location of the programmer. Programmers for 

describe specific actions or decisions that must be made or installation within physician -supervised offices or hospital 

carried out as the algorithm proceeds. Where a microcon- are provided with serial numbers within a certain range, 

troller (or equivalent) is employed, the flow charts presented whereas telemetry units for use in clinics are provided with 

herein provide the basis for a "control program" that may be 50 serial numbers within another range, and telemetry units for 

used by such a microcontroller (or equivalent) to effectuate use in patient homes are provided with serial numbers within 

the desired control of the stimulation device. Those skilled still another range. The central programming unit accesses 

in the art may readily write such a control program based on the serial number of the telemetry unit and determines 

the flow charts and other descriptions presented herein. therefrom the location of the telemetry unit and the mode of 

These and other features of the overall system will be 55 programming associated therewith, 

described in greater detail with reference to the flow chart of At step 309, the central programmer transmits signals to 

FIG. 3 which provides the sequence of steps performed by the remote unit requesting that patient and device diagnos- 

the central programmer, the remote telemetry unit, and the tics be uploaded from the implanted device. The signals are 

implanted device during a typical programming session. in turn forwarded to the implanted device from the remote 

Initially, at steps 302 and 304 the central programmer and 60 unit at step 310. At step 312 the implanted device responds 

remote telemetry unit establish a communication link ther- by transmitting patient and device diagnostics, such as a list 

ebetween. Assuming interconnection via the PSTN, the of current programming parameters stored therein and any 

central programmer dials a telephone number associated IEGM signals recorded therein or other recorded events. The 

with the remote telemetry unit, which detects the incoming patient and device diagnostics are forwarded at step 314 

telephone call and forwards responsive communication 65 from the remote unit to the central programmer for display 

handshake signals or other communication protocol signals thereon at step 316. The physician then informs the patient 

to the central programmer for establishing a reliable com- or nurse that the antenna of the remote unit can be tempo- 
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rarily removed from the vicinity of the implanted device 
while the physician reviews the patient and device diagnos- 
tics. Real time IEGM with markers and skin ECG can also 
be transmitted to the central programmer. 

After the diagnostics have been reviewed, the physician is 5 
presented with a list of acceptable programming commands 
at step 318 for use in reprogramming the device. The 
acceptable commands are based upon the particular pro- 
gramming mode previously selected based upon the degree 
of supervision. Referring now to FIG. 4, beginning at step 10 
320, the physician then inputs selected programming com- 
mands and corresponding parameters for use in reprogram- 
ming the implanted device. At step 322 the programming 
commands and parameters are transmitted from the central 
programming unit to the remote unit which, at step 324, 15 
forwards the commands to the implanted device. The pro- 
gramming commands are received by the implanted device 
at step 326 and used therein to reprogram internal functions 
of the device. Assuming that the device has been success- 
fully reprogrammed, acknowledgement signals are gener- 2 o 
ated and transmitted from the implanted device at step 328 
to the remote unit and forwarded at step 330 to the central 
programmer for receipt and display at step 332. If additional 
programming is required as determined at step 334, pro- 
cessing returns to step 320 for input of the additional 2 $ 
programming commands. Otherwise, the programming ses- 
sion is completed and the various communication links are 
disabled and disconnected. 

Thus, FIGS. 3 and 4 set forth the basic steps performed by 
the central programmer, remote unit and implanted device 30 
for reprogramming the implanted device based upon com- 
mands generated at the central programmer. Within FIGS. 3 
and 4, only high level steps are illustrated. Numerous 
substeps may need to be performed in connection with high 
level step to implement the step. For example, for each step 35 
involving the transmission of signals from one device to 
another, individual error detection and correction sub-steps 
are performed and appropriate error or acknowledgement 
signals are returned to the transmitting device. Also various 
levels of error detection are performed. On one level, the 40 
receiving device verifies that the received signals are not 
corrupted, as may be achieved using conventional cyclic 
redundancy check (CRC) bits. Additionally, the receiving 
device evaluates the programming commands and specific 
programming values received to verify that the commands 45 
are valid and the parameters are within predetermined 
acceptable ranges of values. For example, if a programming 
parameter associated with device sensitivity is outside the 
range of acceptable levels of sensitivity, then an error signal 
is returned to the transmitting device. As can be appreciated, 50 
a wide variety of error detection techniques may be 
employed depending upon the particular parameters being 
reprogrammed and no attempt is made herein to provide an 
exhaustive list. Error detection and correction techniques 
may depend upon the particular communication medium 55 
employed and hence may differ depending upon whether, for 
example, land line or wireless communication protocols are 
employed. 

FIG. 5 illustrates an alternative implementation wherein 
the remote programming device additionally serves as a 60 
Holter monitor for detecting and recording electrocardio- 
gram (ECG) data or other data from the patient. The remote 
programming device 400 is provided with a belt 402 for 
attaching the device to the waist of the patient. A pair of 
electrodes 404 and 406 adhesively attach to the chest of the 65 
patient to permit ECG signals to be detected and recorded 
within the remote programming device. Preferably, the 
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device is provided with sufficient memory to store 24 to 48 
hours of ECG recordings for later analysis by a physician. In 
use, the physician instructs the patient over the telephone to 
attach the electrodes to the chest and to activate the remote 
device to record the ECG for a predetermined period of time. 
Upon completion of the period of time, the patient is 
instructed to remove the remote programming device from 
the belt and to connect the device via a telephone jack 408 
to a telephone line such that the physician may download the 
recorded ECG signals via the telephone line into the central 
programmer. To automate the collection of data from the 
Holter monitor, an automated telephonic system may be 
provided whereby the patient manually dials or the trans- 
mitter automatically dials the automated system and 
responds to various pre-recorded instructions provided 
therewith. The instructions provide information to the 
patient on how to collect the data and how to transmit the 
data for analysis. Preferably, the automated system receives 
ECG and other data transmitted from the Holter monitor for 
automated analysis or for forwarding to the physician. In this 
manner, the physician or other medical professional need not 
directly converse with each patient whenever data is to be 
collected or transmitted, thereby minimizing overall costs. 
Alternatively, the memory of the remote programming 
device may be configured as a removable memory module 
410, which the patient merely returns to a medical clinic or 
to the physician. An advantage of providing a memory 
module is that software for use by the remote programming 
device may thereby be easily upgraded by simply providing 
a new module. 

Additionally, a telemetry unit 412 is provided to permit 
the remote device to receive diagnostic data from the 
implanted device for storage along with the ECG data in the 
memory module or other memory device of the remote unit. 
The diagnostic data may include, for example, IEGM data 
detected internally by the implanted device. Telemetry unit 
412 also permits the remote device to act as a remote 
programmer for communicating programming signals 
between the central programming device and the implanted 
device. Preferably, reprogramming of the implanted device 
is performed with the remote programming device detached 
from the waist of the patient. The remote device is posi- 
tioned on a table, adjacent to the patient; the patient connects 
the telephone line into the telephone jack; and then positions 
the telemetry unit over the implanted device. Reprogram- 
ming signals are transmitted from a central programmer to 
the remote device and then via the telemetry unit into the 
implanted device. Diagnostic information received from the 
implanted device is routed to the central programmer. 
Depending upon the implementation, previously-detected or 
concurrently-detected ECG data may be transmitted to the 
central programmer along with the diagnostic data from the 
implanted device. As with the embodiments discussed 
above, the telephone line is preferably routed through the 
telephone of the patient permitting the patient to converse 
with the physician before and after transmission of repro- 
gramming signals. 

Thus FIG. 5 illustrates an embodiment wherein the 
remote programming device serves both as a remote pro- 
grammer for reprogramming the implanted device and as a 
Holter monitor or similar device for detecting and recording 
large quantities of ECG information or other data. 

What has been described are various programming sys- 
tems for use with implantable cardiac stimulation devices. 
The various functional components of the exemplary sys- 
tems may be implemented using any appropriate technology 
including, for example, microprocessors running software 
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programs or application specific integrated circuits (ASICs) 
executing hard-wired logic operations. Although described 
primarily with respect to a pacemaker, aspects of the inven- 
tion are applicable to other implantable cardiac stimulation 
devices, such as ICDs. The exemplary embodiments of the 5 
invention described herein are merely illustrative of the 
invention and should not be construed as limiting the scope 
of the invention. 
What is claimed is: 

1. A system for remote programming of an implantable 10 
cardiac stimulation device, the system comprising: 

a central programmer device operative to generate and 
transmit programming signals for use in programming 
a stimulation device implanted within a patient; 

a remote programmer device, for use in proximity to the 15 
patient, operative to receive and relay the programming 
signals transmitted by the central programmer device to 
the implantable cardiac stimulation device of the 
patient for programming the stimulation device with 
the programming signals; and 

wherein the remote programmer device includes a Holter 
monitor operative to monitor and record surface elec- 
trocardiogram (ECG) signals. 

2. A system for remotely programming a plurality of 25 
implantable cardiac stimulation devices, the system com- 
prising: 

a central programmer device operative to generate and 
transmit programming signals for use in programming 
selected ones of a plurality of implantable cardiac 30 
stimulation devices implanted within respective 
patients; 

a plurality of remote programmer devices each for use 
with a respective one of the patients and operative to 
receive and relay the programming signals generated 35 
by the central programmer device to the implantable 
cardiac stimulation device of the respective patient; and 

with the central programmer device also being operative 
to input an indication of a degree of direct medical 
supervision of the respective patient during program- 40 
ming of the implanted device of the respective patient 
and to control the generation of programming signals 
based upon the degree of direct medical supervision. 

3. A system for remote programming of an implantable 
cardiac stimulation device implanted within a patient, the 45 
system comprising: 

a central programmer device operative to generate pro- 
gramming signals for use in programming a device 
implanted within a patient who is at a location remote 
from the local programmer device; 

a remote programmer device, for use in proximity to the 
patient, operative to receive the signals from the central 
programmer device and to relay the programming 
signals to the stimulation device to program the stimu- 
lation device; and 

a network system, coupled between the central program- 
mer device and the remote programmer device, that 
controls communication therebetween. 

4. A system for remote programming of an implantable 6Q 
cardiac stimulation device implanted within a patient, the 
system comprising: 

means for locally generating a set of programming param- 
eters for use in programming the implantable cardiac 
stimulation device; 65 

means for transmitting the set of programming parameters 
via a computer network; and 
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means, for use in proximity to the patient, for receiving 
the programming parameters from the computer net- 
work and for relaying the programming parameters to 
the stimulation device to program the device. 

5. A system for remote programming of an implantable 
cardiac stimulation device implanted within a patient, the 
system comprising: 

means for locally inputting an indication of a degree of 
direct medical supervision of the patient during pro- 
gramming of the implanted device; 

means for locally generating a set of programming param- 
eters for use in programming the implantable cardiac 
stimulation device, with the programming parameters 
varying depending upon the degree of direct medical 
supervision of the patient; 

means for transmitting the set of programming param- 
eters; and 

means, for use in proximity to the patient, for receiving 
and relaying the programming parameters to the 
implantable cardiac stimulation device to program the 
device. 

6. The system of claim 5, wherein the means for trans- 
mitting the set of programming parameters includes means 
for transmitting via one or more of a telephone land line, a 
wireless communication system, a local computer network, 
and the Internet. 

7. The system of claim 5, wherein the means for receiving 
and relaying the programming parameters to the implantable 
cardiac stimulation device includes a Holter monitor for 
monitoring and recording surface electrocardiogram (ECG) 
signals. 

8. A method for remote programming of an implantable 
cardiac stimulation device implanted within a patient using 
a central programmer device for generating programming 
signals and a remote programmer device for use in proxim- 
ity to a patient for relaying programming signals to the 
implanted device, the method comprising the steps of: 

inputting into the central programmer device an indication 
of a degree of direct medical supervision of the patient 
during programming of the implanted device; 

controlling the central programmer device to generate 
programming signals for use in programming the 
implanted device, with the generation of the program- 
ming signals controlled based upon the indicated 
degree of direct medical supervision of the patient; 

transmitting the programming signals to the remote pro- 
grammer device; and 

relaying the programming signals from the remote pro- 
grammer device to the implanted device for program- 
ming of the device with the programming signals. 

9. The method of claim 8, wherein the indication of the 
degree of direct medical supervision input to the central 
programmer device specifies either supervised or unsuper- 
vised. 

10. The method of claim 9, wherein the implanted device 
accepts a set of programming commands and wherein, if the 
indication of the degree of direct medical supervision speci- 
fies an unsupervised patient, the central programmer device 
is controlled to generate programming signals pertaining to 
only a predetermined subset of the programming commands. 

11. The method of claim 10, wherein if the indication of 
the degree of direct medical supervision specifies a super- 
vised patient, the central programmer generates program- 
ming signals pertaining to only the set of programming 
commands accepted by the implanted device. 

12. The method of claim 10, wherein for a particular 
programming command, the implanted device accepts a 
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range of programming values, and wherein if the indication 23. The system of claim 13, wherein the central program- 

of the degree of direct medical supervision specifies an mer device is operative to input an indication of the degree 

unsupervised patient, the central programmer device is con- of direct medical supervision input which specifies either 

trolled to generate programming signals for the particular supervised or unsupervised. 

programming command pertaining to only a predetermined 5 24. The system of claim 23, wherein the implanted device 

subset of programming values from within the range of accepts a set of programming commands, and wherein if the 

programming values accepted by the implanted device. indication of the degree of direct medical supervision speci- 

13. A system for remote programming of an implantable fies an unsupervised patient, the central programmer gener- 
cardiac stimulation device implanted within a patient, the ateg programming signals plaining to only a predetermined 
system comprising: 10 subget Qf ^ programmiog commands. 

a central programmer device operative to generate and 2 5. The system of claim 24, wherein programming com- 

transmit programming signals for use in programming mands not within the predete rmined subset of programming 

a stimulation device implanted within a patient, with commands inc lude pacing mode programming commands 

me programming signaU generated based, in part, upon and programm i n g commands, 

a degree of direct medical supervision of the patient " ^ ^ ^ ^ , f ^ rf 

during programming of the device; and ... ' ,. , ,. . . . .„ 

° r ° ° the degree of direct medical supervision specifies a super- 
a remote programmer device, for use in proximity to the vised ^ the cen , ra , programmer generates program- 
patient, operative to receive and relay the programming min ^ ^ ^ iQ of ^ get of mi 

signals transmitted by the central programmer device to j ♦ juu.- i*jj- 

* . . . « . r *u ■ .* . . *u 20 commands accepted by the implanted device. 

the stimulation device of the patient to program the _ t ^ c , . r , . . , . . A 

..... . iL iL r . . ° , 27, The system of claim 24, wherein the predetermined 

stimulation device with the programming signals. , , J . < . , , 

14. The system of claim 13, wherein the central program- s u ubset of Programming commands include nonhfe- 
mer device is operative to input an indication of the degree threatening programming commands. 

of direct medical supervision input which specifies either 2S - The s y stem of claim 27 ' wherem the nonllfe - 

unsupervised, nurse-supervised or physician-supervised. 25 threatening programming commands include diagnostic 

15. The system of claim 13, wherein the implantable mode programming commands, sleep mode programming 
cardiac stimulation device is a pacemaker or an implantable commands, and rate responsive mode programming com- 
cardioverter defibrillator. mands. 

16. The system of claim 13, wherein the central program- 29. The system of claim 24, wherein for a particular 
ming device and the remote programming device both 30 programming command, the implanted device accepts a 
include the communication units for communicating with range of programming values and wherein if the indication 
one another via a communication channel. of the degree of direct medical supervision specifies an 

17. The system of claim 16, wherein the communication unsupervised patient, the central programmer generates pro- 
channel includes one or more of a telephone land line, a ^ gramming signals for the particular programming command 
wireless communication channel, and the Internet. pertaining to only a predetermined subset of programming 

18. The system of claim 16, wherein the communication values from w i tn tne range 0 f programming values accepted 
units of the central programming device and the remote by the implante d device 

programming device both include error detection and cor- 30 The tem of daim 29 wherein the programming 

rection circuits operative to detect and correct communica- yalues fof ^ ammin command specify a 

tion errors therebetween. l4 , / • 4 . j . . , - 

-iot-u * f i • 1* l • *l voltage and wherein the predetermined range of program- 

19. The system of claim 16, wherein the communication to . r _ & 

units of the central programming device and the remote mm * va , lues , s P ecifi f a ran S e of voltages narrower than the 

programming device include secure communication proto- ran S e of volta * e val f s , acce P' ed b * ^planted device, 

col circuits for ensuring a secure communication link. 3L ^ svstem of claim 29 > wherein the programming 

20. The system of claim 13, wherein the remote program- 45 values for the Particular programming command specify 
mer device includes a Holier monitor for monitoring and timing values and wherein the predetermined range of 
recording surface electrocardiogram (ECG) signals. programming values specifies a range of timing values 

21. The system of claim 20, wherein the remote program- narrower than the range of timing values accepted by the 
mer device additionally includes a modular memory unit for implanted device. 

recording the surface ECG signals. 50 32. The system of claim 29, wherein if the indication of 

22. The system of claim 21, wherein the modular memory the degree of direct medical supervision specifies a super- 
unit also stores control software for controlling the opera- vised patient, the central programmer generates program - 
lions of the remote programmer device such that the control ming signals pertaining to only the range of programming 
software is upgradable by providing a new modular memory values accepted by the implanted device. 

unit to accommodate new or modified implantable cardiac 55 

stimulation devices. ***** 
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